This paper describes the diagnostic criteria for presbyvestibulopathy (PVP) by the Classification Committee of the Bárány Society. PVP is defined as a chronic vestibular syndrome characterized by unsteadiness, gait disturbance, and/or recurrent falls in the presence of mild bilateral vestibular deficits, with findings on laboratory tests that are between normal values and thresholds established for bilateral vestibulopathy.
Introduction
The aging of the global population is a major demographic shift occurring at the present time. As such, the public health impact of conditions that disproportionately affect older adults has been being increasingly recognized. There is growing awareness about the consequences of aging of the human sensory systems on individual and public health [1] . Age-related vision loss (due to age-related loss of lens accommodation or "presbyopia," cataracts, or macular degeneration) has been associated with increased risks of disability, falls, and institutionalization [2] [3] [4] . Age-related hearing loss (or presbycusis) has been associated with increased risks of dementia, depression, and mortality [5] [6] [7] . Studies suggest that age-related deterioration in peripheral sensory structures and the resulting sensory impairments occur commonly in older adults: 15% of individuals age ≥ 70 years have symptomatic vision impairment and 26% of individuals age ≥ 70 years have symptomatic hearing impairment [8] .
A number of studies also demonstrate that aging substantially affects the vestibular sensory system. Moreover, population-based studies suggest that vestibular impairment is highly prevalent in older adults, with nearly 50% of individuals over age 60 demonstrating some form of vestibular physiologic loss [9, 10] . Indeed, dizziness and imbalance are among the most common symptoms in communitydwelling older adults [11] [12] [13] [14] . Age-related decline in vestibular function is known to have important consequences in older adults, notably postural imbalance, gait impairment, and falls [15] [16] [17] [18] [19] [20] . Additionally, reduced vestibular function in older adults has been shown to predict reduced ability to carry out activities of daily living and a substantial reduction in quality of life [21] .
Given growing evidence of the prevalence and impact of age-related vestibular loss, we propose codifying the definition of presbyvestibulopathy (PVP), as has been done for the aging of other sensory systems (e.g. presbyopia, presbycusis). The PVP diagnosis is intended to encompass mild or incomplete vestibular losses attributable to the normative aging process, consistent with other age-related sensory losses such as presbycusis or presbyopia which are similarly incomplete losses (i.e. in contrast to deafness, or blindness, respectively). Developing formal diagnostic criteria for PVP will be useful in both the clinical and research settings. In the clinical context, providing older adults with symptomatic vestibular impairment with a potential diagnosis of PVP may result in the increased prescription of vestibular treatment, in particular early and continuous vestibular rehabilitation. Additionally, developing uniform diagnostic criteria will allow for standardization of research studies and greater ability to compare and pool subjects across studies.
Other terms which have been used to describe the phenomenon of age-related vestibular loss include presbystasis, presbyequilibrium, presbylibrium, presbyotoconia, and presbyvertigo.
Methods
Development of the PVP diagnostic criteria followed the process established by the Classification Committee of the Bárány Society (CCBS), which was charged with establishing an International Classification of Vestibular Disorders (ICVD) [22] . The diagnosis was proposed to the CCBS in 2017. The CCBS, which is a multi-national, multi-disciplinary group of experts, evaluated the relevant literature and rationale for establishing a PVP definition and established a subcommittee to develop formal diagnostic criteria. Over the next year, a subcommittee representing three continents and diverse specialties (Otolaryngology, Neurology, Physical Therapy and Geriatrics) was convened. A thorough review of the literature was conducted, and draft criteria were developed.
The criteria are fully supported by notes, comments and written discussion according to the template established by the CCBS for the ICVD. The draft criteria were reviewed by the CCBS and were also made available for a period of public comment. Following an iterative process of refinement and further review, the criteria were finalized for publication. The authors were particularly committed to developing a document on PVP that could be practically applied in diverse clinical settings around the world, advance patient care and outcomes, and establish a clear research agenda.
Diagnostic criteria for presbyvestibulopathy (PVP)

Each of the criteria A through D have to be fulfilled
A. Chronic vestibular syndrome (at least 3 months duration) with at least 2 of the following symptoms: 1 collectively result in the age-related symptoms of postural imbalance, gait disturbance, or recurrent falls [33] . As such, we cannot definitively know the extent to which PVP is contributing to the symptoms. These criteria simply consider the presence of these symptoms, along with documented vestibular physiologic loss, in older adults. Postural imbalance or unsteadiness can refer to static (e.g. standing still) and dynamic imbalance (e.g. standing upright and throwing a ball). Gait disturbance can include slowness and/or unsteadiness of gait. Chronic dizziness refers to symptoms that are systematically present on head movement or walking or when upright. Recurrent falls refers to more than one fall in one year. 2 We define "mild" vestibular loss as in between normal vestibular function and the level of vestibular loss associated with bilateral vestibulopathy (BVP). We note that individuals should undergo vestibular testing without having recently taken a sedative medication (e.g. benzodiazepine), which can be commonly prescribed in older individuals. 3 Video-HIT: Quantification of the angular vestibulo-ocular reflex (aVOR) gain is possible with the video head impulse test (vHIT) [34, 35] . The ICVD definition of BVP defined a VOR gain < 0.6 bilaterally as one of the diagnostic criteria for BVP [27] . The lower aVOR gain threshold for PVP, which is a mild vestibulopathy, was therefore set at 0.6. An upper limit of 0.8 was selected as the upper bound by synthesizing data across several studies. One study evaluated aVOR gain in a normative sample of 62 adults, and observed that the lower limit of normal horizontal aVOR gain (2SD below the mean) was 0.79 at 80 ms and 0.75 at 60 ms [36] . However, another study of 243 healthy older adults found that an aVOR gain value of < 0.9 was associated with a significantly higher prevalence of compensatory saccades, which are considered a marker of VOR deficiency [37] . In order to capture the mild vestibular loss consistent with PVP, we are setting the aVOR gain thresholds to ≥0.6 and < 0.8. 4 Rotary chair: Rotary chair testing measures aVOR responses to low to mid-frequency stimulation (∼0.05 to 0.1 Hz). We again use the BVP cutoff of aVOR gain ≥ 0.1 as the lower threshold. For the upper threshold, we selected the upper threshold of < 0.3 given that 0.3-0.35 are considered the lower range of normal in many laboratories [38] .
C. Age ≥ 60 years 7 D. Not better accounted for by another disease or disorder 8
Comments
Epidemiology
Prevalence
By 2050, 17% of the world's population will be age 65 and older, equivalent to 1.6 billion individuals [49] . As such, there is a critical need to recognize how vestibular function changes in older individuals and how these changes may manifest clinically and in the population. Vestibular impairment typically manifests as dizziness, imbalance, or vertigo, which are highly prevalent symptoms among older adults although are not specific to vestibular 5 Caloric response: Caloric testing measures low-frequency (∼0.003 Hz) aVOR responses. The bilateral vestibulopathy criteria defined < 6 • /sec for both warm (44 • C) and cool (30 • C) responses in each ear as a diagnostic threshold [39] . As such, we define ≥ 6 • /sec as the lower threshold for caloric responses. We define the upper threshold as just below the normal cutoff defined by numerous laboratories: < 25 • /sec for both warm and cool responses in each ear [40] . In other words, individuals should have a combined (sum of warm and cool) peak SPV of ≥ 6 • /sec and < 25 • /sec in both ears. 6 We did not include otolith impairment as part of the diagnostic criteria, despite evidence that suggests decline in otolith function associated with age. As discussed below in the section on Laboratory Testing, at this time clinical testing of otolith function has not been operationalized and standardized to the same extent as VOR testing through caloric, rotary chair and vHIT testing. However, the inclusion of otolith impairment will be revisited in subsequent revisions of these diagnostic criteria. 7 60 years was chosen as the age cutoff for PVP based on the United Nations cutoff for older adults [41] . Moreover, histologic studies have documented degradation of vestibular end-organ structure at age 60. A marked decline in vestibular hair cell populations was observed throughout the canal and otolith sensory epithelia beginning at age 50 [42] . Degeneration of saccular and utricular otoconia has also been documented beginning at age 50 [43] . Significant reductions in vestibular nerve fibers have been observed starting in the 5th decade of life, [44] while neuronal loss within the vestibular nuclei begins at ∼age 40 and ganglion cell counts start declining roughly at age 60 [45, 46] . 8 It should be noted that some individuals may have multiple diagnoses, such as BPPV (which increases in prevalence with age), or a neurological disease (e.g. Parkinson's disease), as well as PVP [47, 48] . The critical point is that the other diagnosis may present with additional symptoms (e.g. brief, positional vertigo for BPPV, bradykinesia and rigidity for Parkinson's disease), but the other diagnosis does not fully account for the diagnostic criteria of PVP. dysfunction. Estimates of the prevalence of dizziness and imbalance in the older population depend largely on the definitions of dizziness and imbalance used, and on the populations surveyed. Several large population-based studies reported a 20-30% prevalence of dizziness and imbalance in the elderly population (age ≥ 65 years) [12] [13] [14] . The prevalence of dizziness and imbalance was found to rise steeply with age, with levels over 50% in the communitydwelling population over age 80 [11] . A study in institutionalized nursing home residents observed a prevalence of dizziness and vertigo of 68% [19] . Among patients age ≥ 65 presenting to a geriatric primary care clinic, 24% reported dizziness and 17% identified dizziness as their major presenting complaint [50] .
A landmark series of studies based in Germany estimated the population prevalence and incidence more specifically of vestibular vertigo, i.e. vertigo resulting from vestibular impairment. Among community-dwelling individuals age ≥ 18 years, the lifetime prevalence, 1-year prevalence and incidence of vestibular vertigo were observed to be 7.8%, 4.9% and 1.5% respectively [51] . The 1-year prevalence of vestibular vertigo increased with age to 7.2% in 60-69 year-olds and 8.8% in individuals over age 80. Another study estimated the prevalence of vestibular impairment in the US population using the objective modified Romberg test. Thirty-five percent of US adults age 40 years and older had evidence of vestibular dysfunction based on this postural metric [52] . The frequency of balance dysfunction increased significantly with age, such that 85% of individuals age 80 and above had evidence of balance dysfunction. These estimates are considerably higher than the prevalence of vestibular vertigo reported above from the German population, possibly because the modified Romberg test captures subclinical vestibular impairment, and may reflect more broadly the inability to use vestibular information.
Impact
The impacts of vestibular impairment in older adults have also been characterized in numerous studies. Vestibular impairment in older adults has been associated with reduced gait speed, and reduced postural control [15, 53] . Emerging evidence also suggests that reduced vestibular function in older individuals is associated with poorer cognition, notably spatial cognition [17, 54, 55] . Further, agerelated vestibular loss has been shown to increase the risk of falls, which is a common and devastating outcome in older adults [56, 57] . Several studies observed an association between vestibular impairment and fall-related hip and wrist fracture risk [58] [59] [60] . One recent study estimated that about 50,000 excess falls per year in older adults could be attributable to vestibular loss [61] .
Additionally, dizziness and vestibular impairment have been associated with difficulty carrying out basic and instrumental activities of daily living, such as getting in and out of bed, driving, shopping, and even managing money [11, 21] . With respect to health care utilization and economic outcomes, vestibular vertigo was associated with increased likelihood of a medical consultation, taking sick leave, and avoidance of leaving the house [62] . Finally, dizziness and vestibular impairment have been associated with significantly poorer quality of life, in both the physical and mental domains [62, 63] . One population-based study in Sweden found that dizziness was one of the most influential symptoms affecting general quality of life in older individuals [64] .
Taken together, these studies demonstrate the broad prevalence and substantial impacts of vestibular loss in older adults and underscore the public health relevance of this condition. Moreover, we note that although dizziness, imbalance and vestibular impairment are prevalent in older adults they are not universal. Not all individuals over age 90 had dizziness, [11] and healthy older adults have been shown to be able to maintain a normal VOR gain even over age 80 [65] . As such, dizziness, imbalance and vestibular impairment in the older population may be considered "age-concomitant" rather than "agedependent" conditions [11] . As a corollary, these conditions should be viewed as potentially modifiable, and efforts should be made to treat them. Indeed, a strong body of evidence supports the benefit of vestibular rehabilitation in older patients with vestibular physiologic loss, [66] as well as in older adults with dizziness more broadly who have not been specifically screened for vestibular impairment [67] .
Pathophysiology
Numerous lines of evidence demonstrate a decline in vestibular sensory function with aging. These age-related declines in structural and physiological vestibular function are thought to be due to endogenous factors (e.g. genetic) and the cumulative exposure to vestibulotoxic agents including infection, inflammation, vasculopathy, medications, and trauma. Histopathologic studies have long documented age-related declines in vestibular sensory epithelia throughout the vestibular end-organ (e.g. declining hair cell counts in the three semicircular canals and the utricle and saccule and morphological changes in the otoconia), as well as declines in vestibular ganglion cell, afferent, and vestibular nucleus cell populations [68] [69] [70] .
Physiologic studies that have assessed vestibular responses to rotational, translational, acoustic and vibratory stimulation have also observed declining response amplitudes and increasing response latencies associated with age [61, [71] [72] [73] [74] [75] [76] [77] . The earliest studies of vestibular physiologic function and aging examined responses to sinusoidal rotation in cross-sectional samples across the age range. The studies reported decreased VOR gain to sinusoidal rotation with age, [71] and the authors concluded that "aging entails a progressive bilateral peripheral vestibular loss" [73] . Decline in VOR processing mechanisms such as velocity storage were also noted with increased age [78] . Subsequent longitudinal studies in healthy older individuals observed decreasing VOR responses to sinusoidal rotation within individuals over a 5-year period [79, 80] . More recent studies have used newer, portable vestibular testing methods such as the video-head impulse test (vHIT) to measure the VOR in large population-based samples of older adults, and reductions in angular VOR gain associated with age have been reported [36, 81, 82] . Moreover, declines in otolith function have also been reported, as measured by a number of tests of otolith function including vestibular-evoked myogenic potentials (VEMPs), vestibular linear perceptual threshold testing, and otolith-ocular reflexes [61, 74, 83] .
Differential diagnosis
The differential diagnosis of PVP is provided in Table 1 . Although many of the diagnoses can be distinguished from PVP by the absence of bilateral vestibular testing deficits, we note that most of these conditions (with the exception of unilateral vestibulopathy and BVP) can co-occur with PVP. Indeed, a hallmark of aging is the frequent co-existence of multiple deficits that all contribute to the observed phenotype.
Of these diagnoses, benign paroxysmal positional vertigo (BPPV) is particularly common in older adults and bears special mention. Increased prevalence of BPPV in the elderly may reflect age-related degeneration of the otoconial membrane, leading to abnormal seeding of otoconia in the endolymph [84] . A population-based study observed a prevalence of BPPV of 3.4% in individuals over age 60, and a cumulative lifetime incidence of almost 10% by age 80 [47] . BPPV accounted for up to 39% of cases of vertigo in older patients presenting to neuro-otology clinics [85] . However, older patients do not always experience the classic presentation of BPPV, i.e., short episodes of rotatory vertigo associated with changes in head position. A study of 100 older patients presenting to general geriatric practices for chronic medical conditions found that 9% had unrecognized BPPV [48] . As such, careful clinical assessment for BPPV is warranted in older adults presenting with dizziness as it is a common and treatable condition.
Current knowledge gaps and future directions
Symptoms
The PVP classification committee chose to include symptoms in the diagnostic criteria that are most commonly associated with vestibular impairment, including postural imbalance, gait abnormality, dizziness, and recurrent falls. These are all patientreported symptoms elicited during a typical clinic visit. However, there is no quantification of the severity of the symptoms. Possible objective measures of postural imbalance include the Romberg test, tandem stance test, and platform posturography. Objective measures of gait abnormality include gait speed, tandem walking, and indices such as the Dynamic Gait Index and the Functional Gait Assessment [86] . Dizziness related handicap can be further specified using patient-reported instruments such as the Dizziness Handicap Inventory [87] . Falls can be quantified based on number of falls over a specified time period, or further characterized based on patientreported instruments such as the Falls Efficacy Scale [88] . At present, the PVP Classification Committee decided that there is insufficient standardization of these measures, as well as a lack of broadly recognized thresholds of normal vs. abnormal values in older adults, to justify the inclusion of specific symptom metrics. Future revisions of these diagnostic criteria should reassess which more detailed Moreover, emerging literature is demonstrating the impact of vestibular impairment in older adults on cognitive function, notably spatial cognition which encompasses spatial memory, spatial navigation and spatial orientation [17, 89] . However, the PVP Classification Committee determined that cognitive function is influenced by a broad network of central nervous system and peripheral factors, and that further evidence is still needed to demonstrate a direct, link between vestibular impairment and cognition. Future revisions of these diagnostic criteria should reassess whether cognitive impairment should be additionally included to support the diagnosis of PVP, and what measure(s) should be used to ascertain cognitive function.
Laboratory testing
As noted previously, studies have shown that otolith function declines with age, when considering both otolith structure (e.g. utricular and saccular hair cell, otoconial integrity) and function (e.g. as measured by VEMP,and perceptual threshold testing). Moreover, evidence suggests that otolith impairment is associated with postural abnormalities as well as impairment in spatial cognition [17, 74] . However, clinical testing of otolith function has not been operationalized and standardized to the same extent as VOR testing through caloric, rotary chair and vHIT testing. VEMP responses, which are the most widely-used measure of otolith function, can be difficult to elicit reliably. Additionally, VEMP responses are frequently absent in older adults, and the significance of this is not fully understood [90] . A recent position paper from the American Academy of Neurology stated that the clinical utility of VEMPs at present is best characterized for the diagnosis of superior canal dehiscence syndrome and other inner ear third window conditions [24] . As such, the PVP Classification Committee decided to exclude otolith impairment from the PVP diagnostic criteria. Future revisions of these criteria should reassess the state of otolith function testing and re-evaluate the inclusion of otolith impairment in these diagnostic criteria.
For the PVP diagnostic criteria, we selected laboratory values for vHIT, rotary chair, and caloric testing that are above those of BVP and below the lower values of typical normal ranges. Our goal was to identify a level of mild vestibular impairment that is analogous to presbycusis or presbyopia, which are distinct from profound sensory losses (i.e. deafness or blindness). However, it is unknown for each of these vestibular tests whether there are specific thresholds of responses that are associated with the onset of clinical symptoms. Future revisions of these criteria should consider whether the cutoffs for mild vestibular impairment in older adults should be refined.
A further consideration for future revisions of these diagnostic criteria is the delineation of subtypes of PVP, e.g. with respect to semicircular canal vs. otolith impairment, low-frequency vs. highfrequency vestibular impairment, and peripheral vs. central vestibular impairment. For example, presbycusis is known to be a high frequency hearing loss, and analogously within the vestibular sensory system the high-frequency responsive Type 1 hair cells are known to disproportionately degrade with age relative to the Type 2 low-frequency responsive hair cells [69] . Additionally, histopathological studies suggest that semicircular canal hair cells degenerate to a greater extent than otolith hair cells with age, a finding that has been corroborated in clinical studies [9, 68] . Future revisions of these diagnostic criteria should consider whether PVP can be more precisely defined with respect to the types of vestibular physiologic impairment that occur with aging.
The aging phenotype
As noted, aging is characterized by concomitant declines across multiple physiologic systems over time. As such, vestibular hypofunction can be expected to occur along with other sensorimotor, CNS, and systemic declines. Although these diagnostic criteria focus on reductions on vestibular physiologic function, it is likely that the clinical impact of PVP is modulated by the functional state of other physiologic systems. For example, older adults may have reduced ability to compensate for the same level of peripheral vestibular hypofunction, based on their existing sensorimotor function, their ability to reweight sensory inputs, and their level of CNS plasticity. Future revisions of these diagnostic criteria may more explicitly consider PVP in the context of other physiologic systems and their joint effects on functional impairment in older adults.
